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Proteome Analysis of Responses to Ascochlorin in LPS-induced Mouse Macrophage RAW264.7
Cells by 2-D Gel Electrophoresis and MALDI-TOF MS. Young-Chae Chang*. Research Institute of
Biomedical Engineering and Department of Pathology, Catholic University of Daegu School of Medicine, Daegu,
705-034, Korea - Ascochlorin (ASC) is prenyl-phenol compound that was isolated from the fungus
Ascochyta vicige. ASC reduces serum cholesterol and triglyceride levels, and suppresses hypettension,
tumor development, ameliorates type I and II diabetes. Here, to better understand the mechanisms
by which ASC regulates physiological or pathological events and induces responses in the pharmaco-
logical treatment of inflammation, we performed differential analysis of the proteome of the mouse
macrophage RAW264.7 cells in response to ASC. In this study, we used a proteomic analysis of
LPS-induced RAW264.7 cells treated by ASC, to identify proteins potentially involved in inflammatory
processes. The RAW264.7 cell proteomes with and without treatment with ASC were compared using
two-dimensional electrophoresis (2-D SDS-PAGE), matrix-assisted laser desorption/ionization mass
spectrometry (MALDI-TOF-MS) and bioinformatics. The largest differences in expression were ob-
served for the calreticulin (4-fold decrease), f-actin (4-fold decrease) and vimentin (1.5-fold decrease).
In addition, rabaptin was increased 3-fold in RAW264.7 cells treated with ASC. The expression of
some selected proteins was confirmed by RT-PCR analysis.
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A& A3 lipopolysaccaride (LPS), dimethyl sulf-
oxide (DMSO) 12]11 3-[4,5-dimenthy-lthiazol-2-y1]-2,5-di-
phenyltera-zol-ium bro-mide] (MTT assay reagent)= Sigma
Chemical Co. (MO, USA)Z 58 +8ld AFE-3}t}. Urea,
CHAPS, DTT, Phamalyte (pH 3-10) 2 IPG DryStrips (pH
3-10, pH 4-7)& Amersham Pharmacia Biotech (NJ, USA)Z
FH FY3+9 3, Modified porcine sequencing grade tryp-
sin® Promega (WI, USA)ZHE Fdste] AL
Coomassie Brilliant Blue R-2502} Bradford protein assay re-

agent= Bio-Rad Laboratory Inc. (Hercules, USA)& H- B
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Mouse macrophage RAW264.7 A|¥ = American type
culture collection (MD, USA)S 288 145t AL&319
o} RAW264. 74 = 10% & (fetal bovine serum, FBS)}
1% JAAE 3 DMEM (dulbecco’s modified Eagle's
medium)-high glucose B Ao} A 37°C, 5% CO, ZA 39
i Fslon 2~3d Ao A wjkated Mgl AME-
stth Ao AN ¥4, dAlAl 2831 DMEM-high
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glucose Hl| A=

A8

R Gibco-BRL (NY, USA)Z 2 145}

MEZ=EN 2M(MTT assay)

RAW264.7 A|XE 96 well tissue culture plate (Falcon,
USA)o)) 1x10° cells/mlZ Z} well F 100 pl® E33}o, 24
AIZE F<t "oL AP AT RAW264.7 A 3o
LPSE o= 5.2 LPSY ASCE 34 Ayt 37°C, 5%
CO, 24 }Oﬂ/‘i A ekt 12417 & ofFo] E3E ] gl
= HjAo] MITT reagent (3-[4,5-dim-enthylthiazol-2-yl}-
2,5-diphen -yltera-zolium bromide)E *j &3t 37°C, 5%
CO, 274 stol A 4217 < WA AT 4AL 3 B2 &
AAst DMSOE #o| microplate reader (BMG lab-
technologies) 2 &34 % (540 nm)E ZAsHT) A X2 A&
&2 YE27Y S35 U3 A48T SFEE HEER
grketed el it
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RAW2647 /‘ﬂioﬂ LPSE o= 2.2 LPS9 ASCE &
g3k & 4°Ce] PBS buffer (phosphate buffered saline,
0.01 M, pH 74)2 2~33] washingslo] MIEE $=As T}
FAZ X E lysis buffer (5 mM EDTA, 9.5 M urea, 4%
(v/v) CHAPS, 65 mM DTT, protease inhibitors (complete
kit, Roche Diagnostics, Germany))S 0] Ao A 147
o] A} Hk2-3t & AL oA 1587 12,000 rpm .2 YA E
71 o]&d ©MAL Rt P 9Hds
Bradford)j 0.2 A3t $ FUT 4o vl dS oz A
719 EoE FAS A

oA AANYE

pH 3-10¢] PG strips (readyStrip IPG strip, Bio-Rad)ol)
= 300 pgo] © A3 pH 4-72 IPG stripsol] = 400 pge] ©
WA S Z+z} A7 sl 5 A A (isoelectric focusing, IEF) 7 7]
FES FHsIAT. olxYd H7|¥F FX|(SE6U0 system,
Amersham Pharmacia)o] @ &3 PG stripsE ¥ 20°C
o| A 12A17t &%+ rehydrationstil IPG stripsS Bio-Rad
PROTEAN IEF Cell (Bio-Rad Laboratory Inc) & x| 4
250 Vol 303, 10,000 Vo] 3A|7F 12l 10,000 Vol A]
65000 V& 9Hd wj7hA] 124)2F o]k x4 stolA fo-
cusing-S 53l HTh THH H7]|9F F equilibration buf-
fer (1.5 M Tris-C1 (pH 8.8), 6 M Urea, 2% SDS, 75% glyc-
erol)ol] 1% DTTE #H7}slo] IPG stripsE 3087} equilibra-
tion & 25% IAA (c-Cyano-4-hydroxycinnamic acid)& 3
7¥8ke] A 30E7F equilibration S} T Equilibration®
IPG stripsE SDSE -3k 12% polyacrylamide gelol A
100 Voj 30, 120 Vol 247}, 130 Vol 2471, 140 Vol 2A4]
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b FetolM AP (sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis, SDS-PAGE)3lo] Tl 45
2Rl we} w2jsgh

A W/1YF F A A

ojz}¢g A7) F ¥ A(gel)S fixing buffer (3% phos-
phoric acid, 50% ethanol)ol} 3027} sl i ¥ 33 &
F2 30%7) washings} i equilibration buffer (34% etha-
nol, 3% phosphoric acid, 17% ammonium sulfate)ol] 305
5¢t equilibration 3 % staining buffer (34% ethanol, 3%
phosphoric acid, 17% ammonium sulfate, 0.1% coomassie
blue G-250)5 ©]-§-3to] 22 FASRT 1247 o) EA4
T Eid 3R SRR 2N o Ae ¥ E4ENT

A oA 34

oA WAGEL 3 A o] ANY Bz By i
g UMAX PowerLook 1120 scanner (UMAX Technologies,
Inc. Dallas, USA)E o]-g-3}4] 300 dpid] jH =2 A9 o|n|
AE AT A3 ol A E o|FA] Y Zr
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) 7} A} washing & washing bufferE #) A3}l rehydration
buffer (0.1 M NHHCO:)E AH&3he] 587 A5385+Qch
A4=38tsk A Z7Zto)] rehydration bufferel FYU3k -3 ¢
washing buffer (100% CH:CN)E @o] Lo 1587t vt
SAZ T A7 ZE bufferE AASA A AF 537
(Concentrator 5301, Eppendorf, Hamburg, Germsny)] 4] 1
AlIZE Az3¥Y. Ax" A ZZ4S trypsin (50 ng/pl,
Promega, Madison, WI)o] EZ3t9 digestion buffer (5 mM
CaCly, 50 nM NHHCO5)E o] 4°Co A 1A 7F ¥k Al # o}
Trypsin#} digestion buffer o] 37°Co| A 2 Zz+& 12~16
Al ZF BE3- % stop buffer (25 nM NHHCO3) & ¥ 1587
B3-S F A3 elution buffer (100% CH;CN)E o 15%
2 BNAS 2EAST A5AE Etubeo] §717 3 2
Z7Zkoll 0.1% TFA (trifluoroacetic acid, Sigma Chemical Co.
MO, USA)$} washing buffer (60% CH;CN)E Q& 3 158
7t HESAIA A5 A E-tubed] 74 B #A S 23] 3

R

st vhSa Ao BEld AS5AS BF E3sto 34
AF 57|18 AFg8e] 9AS] AZA71 A8 05%

TFA®) matrix (a-cyano-4-hydroxy-cinnamic acid) 5 mg/ml

g gol $aa $51F DAt maik® FUH ¥
2 $3% § 994de vussag
w4 3

%

dstsl dMAS A xFE HEE(mass fingerprint
modulol 93 TWA A< 93 B HIPRE 3

% ®47] Voyager DE-STR MALDI-TOF
mass spectrometer (Applied Biosystems, Foster City, CA,
USA)E ALgatgch & o] w4 (positive ion mode)dl] A]
7}4:38 A (accelerating voltage)> 20 kVE 200 ns 7HA L
2 BAg 9t 2431 Z47be] vl 3 spotd mass spectrum
2 ol gstel BTk
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Az AHEHL o] L35l 323t spotd peptide finger-
printing o] §3ted Tl de] FAL HIsY ). Peptide
fingerprintingol] == MS-FIT (protein prospector V 4.27.2,
http:/ / prospector.ucsf.edu) Z21#-& ALE-319 3L, HolH
W] o] 2 Swiss-Prots} NCBInr ALO|E& o] £31e] Zzte]
auRe BA%e FAEE RAGAT

Reverse transcription-polymerase chain reaction (RT-PCR)

RAW264.7 A 3o} LPS (2 pg/ul)9} ascochlorin (10 pM)S
228t 12A417F EoF st RNAE TRIzol (Sigma
Chemical Co. MO, USA)& o] &3] BlslH L, YA &
4%l Moloney murin leukemia virus reverse transcriptase
(Promega, Madison, W& o]-&3la] GAA} §E3-2 AlA
500 ng¢] RNAE 353 & RNAZHH cDNAE 43t
th. 4" (DNAE o]&3}o] ERP60, Rabaptin-5, Vimentin,
B-actin®] primerE o] 839 DNAE FIZAHoH 1%
agarose gel2 A 7]%9F 3le] DNA9 2d A& &3l
t}. RT-PCR 4 &) A}4-3F primer (Bionics, USA)= F% A
-39 0.1 primer sequence™ Table 194 418 4~ it}
A% 2o Y3 7t7te] RNAS) 8L GAPDH 4742
TSSO

FAE 24

dgaste va SAAE 2 49 ¢ 42 g B
Al e Agslh By EAE Duncan [9]9 T3
AW ol SAT, EARE F p gol 005 MY 7
$(p<0.05) $AAA FeI4o] Yrkn BAA

Z I

RAW264.7 M=0|| CiEt ascochlorin® MIEZZN S}
RAW?264.7 Ao} th3] LPS & ASC o th3t NE A&
£S5 MIT assay WO E Q59 ti(Fig. 1). RAW264.7
N X 7+ 284(0.1% FBS)3 &3 (10% FBS)E $Hi8
wjAjo) LPS9 ASCE 7+t & A 12417k F2tF AH



Table 1. Conditions for PCR amplification of the genes studied
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Gene Primer sequence (5 to 3') No. of cycles  Annealing temp.  Linear cycle range

ERP 60 forward: gagaagcagatgaaggacaagca -8 60°C 7530
reverse: aaggggooooootaatgoco

Rabaptin-5 forward: gacaatgacatgtttaaagat 20 57°C 2630
reverse: ticataattggaacacatatca

Vimentin forward: actcttgctecgggaccccaga 2% 66°C | 95.30
reverse: cttgtcgatgtagttggcaa

B-actin forward: agggtgteatggtggeotatgee 07 55°C 97.30
reverse: caggatcticatgaggtagtc
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Fig. 1. Chemical structure of ascochlorin (ASC) and effects of
LPS and ascochlorin on the viability of RAW 264.7
cells. RAW264.7 cells were treated LPS and ASC re-
spectively or combinationally in serum free (0.1% FBS)
or serum (10% FBS) and the cell viability was tested by
MTT assay after 12 hr incubation.

sttt W A4A7Y M2 AEES BHEER Y
220 442

LPSE 01, 05,1, 2, 4, 8 ng/ul =52 g8ty 1, ASCE
01,1, 10, 20, 30 WM T =& 247} M stgict. LPSE &
RAW264.7 AX= 8 pug/ul ¢ FxoA 10% A E AEE
74391, ASCE 273k RAW2647 A X% 30 uM S50
X AT Aol 10% BAstATh w8 RAW264.7 A X9
LPS 2 ug/ulet ASC 10 yM-& 87 HEstde 4+ AE 4
Ego] 10% #AsAth mabd & AL A2 BESS
10% wsko 2 7+2A)71 LPS 2 pg/ulsh ASC 10 yM 58
gyt 4IPS FYsih

e

RAW?264.7 Aol LPS 4 1LPSel ASCE
gl wEe Ba

o =4
aA A F
A3 oz d79EE A3
° —E'-)-ﬂ = 2139 PDquest & O]
g A §F olatd
A7)19EE o] &3] E’r‘éﬂ?% s Gtk T4 A
71958 pH 310 3 pH 47 IFG stripg o] &3t a5
¥ SDS-PAGEZ £3) vl de 223t 243 o 80047) 9
spot& 9l & 4 Ao, PDQUEST 0|2 M7]YF &
ZEJAE o83t 77} spotd] £AE HUAT 1 F
ASCo] 9]3) B+d W3y}l 9l 1009719 ¢ a-8 2839
Ztzke] g o g Ve QTS L3 tHTable 2).
a8y B8 100 kDa, pl 9 oo = spots &2 & &
= e gl HAU

(A)

CON oS LPSHASC.

pH3 pH 10

(B)

CON LPS LPS+ASC

phi4 pH7

Fig. 2. Protein expression maps of RAW264.7 cells. RAW264.7
cells were incubated for 12 hr with LPS (2 pg/pl) and
ASC (10 uM) respectively or combinationally. Proteins
from the whole lysates of RAW264.7 cells were sepa-
rated on a pH 3-10 IPG strips in the first dimension and
on an SDS-PAGE gel (12%) in the second dimension.
The numbers indicated on the gels correspond to the gel
numbers given in Table 2.
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Table 2. Differentially Expressed proteins in ASC treated RAW264.7 cells

Spot Identifiled protein Function Localization Accession NO MW pl MOWSGEScore COVS '8¢ LPS ASC
No (kDa) (%)
1 Unnamed protein product BAF41353 41 45 2.E+04 24 -118 21
2 ERp60 Binding protein  LNOCPISMIC piniy 47 43 218E+07 37 102 14
reticulum
3 P32-RACK AAH38075 31 438 1616 29 148 13
4 14-3-3 protein epsilon Binding protein  Cytoplasm P62259 29 46 1042 23 1.0 22
5 Unnamed protein BAE29904 27 49 1483 24 12 13
6 Tropomyosin gamma Actin filament P21107 32 47 785 14 101 11
binding
7 p23 Microtubule o loom  Pe3028 19 48 3271 31 10 14
stabilization
8 Rabaptin-5 Endocytic = i lasm 035551 99 5.0 165 5 -1.02 11
membrane fusion
9 Unnamed protein BAE39384 52 438 50.9 13 1.8 17
1o Dual specificity A-kinase Binding protein  LNOCPISMIC ) ycomi00 55 48 415 9 167 12
anchoring protein 1 reticulum
1 Heat shock protein 50 kDa Transport ~ LRAOPISMIC pueria gy 47 883 2 32 35
beta member 1 reticulum
: Endocytic
12 Rabaptin-5 : Cytoplasm (035551 99 5.0 117 6 -186 1.3
membrane fusion
13 p55 Catalyze Endoplasmic  pyg105 57 48 4562 14 14 57
reticulum
14 Unnamed protein product 47 48 849 24 12 12
15 Unnamed protein product BAB30036 42 49 2.9 9 12 23
16 Dinilar fo pleckstrin XPO11547 37 48 48 15 12 19
homology-like domain
Regulates ' |
17 Rho-GDI beta GDP/GTP Cytoplasm Q61599 22 50 1511 38 13 19
18 Vimentin 2078001 51 5.0 1.E+05 34 11 23
19 Unnamed protein BAE22472 43 51 7.E+04 28 11 -11
20 Tubulin beta-5 chain Constituent of PO9024 49 48  LE+04 21 132 46
microtuble
21 Ras-related protein Rap-2a Cell Q80ZJ1 20 47 24.1 32 13 15
membrane
22 EF-1-gamma XP925770 18 49 655 19 13 31
Assembly of Endoplasmic
23 Heat shock 70 kDa protein 5  multimeric protein P 20029 72 51  2.20E+07 26 11 19
reticulum
- complex
24 MAP kinase p38 alpha Production of i lasm P47l 41 55 316 B3 12 16
cytokines
25 Catenin beta-1 Signal transduction Cytoplasm Q02248 85 5.5 245 9 132 14
26 Testase-3 SPermatogensis yp b one  QURISS 78 57 204 g8 16 21
and fertilization
27 Heat shock protein 60 Promote refolding Mitochondria P63038 60 59 2.E+05 24 12 21
28 GRP 75 Cell proliferation Mitochondria P38647 73 59 2.E+05 23 -149 22
29 Heat shock 70 kDa protein 8 Chaperone Cytoplasm P63017 70 54 3988 17 -121 138
30 TCP-1-epsilon Chaperone Cytoplasm P80316 59 57 1570 13 15 12
31 p58 Catalyze Endoplasmic  pocmps 56 60 2EH5 2 11 18

reticulum
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3¢ Cterminal LIM domain Cytoskeletal protein Cytoplasm ~ O70400 35 64 744 6 11 12
protein 1
35 unnamed protein product BAE25105 30 6.8 48 16 14 16
36 Omilar to RNA binding motif 63545814 40 66 147 14 102 11
protein 17
37 Peroxin-26 Peroxisome Q8BGIS 34 6.3 847 25 1.1 13
38 Activation B7-1 antigen Lymphocytes  \r brane Q00609 34 70 1044 2 -1.08 12
activation
39 AIPL Disassembly of 088342 66 61  5E+05 31 11 10
actin filament
40 Flotillin-1 Formation of Cell 008917 47 67 3350 2% 10 10
caveolae membrane
41 Cysteine-S-conjugate beta-lyase Catalyze Cytoplasm Q8BTY1 47 6.5 1531 17 -1.15 -1.12
42 Protein MAIR Tumor suppressor  Cytoplasm Q8C006 57 6.7 442 14 16 18
43 Homeobox protein CHX10 Cell development  Nucleus Q61412 39 71 763 24 15 14
44 Capg protein 13097498 38 65 27453 29 1.6 15
45 Alpha-adaptin C Adaptor protein Cell P17427 104 65 66.4 6 -4.48 -1.25
membrane
46 IMP cyclohydrolase Catalyze QICW]9 64 6.3 135 10 14 1.2
47 Annexin Al Exocytosis P10107 38 71  1.24E+06 38 13 13
48 PGAM-B Catalyze QIDBJ1 28 68 2.E+05 43 15 15
49 Pyruvate kinase isozyme M2 Catalyze P52480 57 74 7469 23 12 13
50 Annexin All Binding protein Nucleus P97384 54 75 476 12 1.0 -1.09
51 hypothetical protein XP_921701 82931970 32 73 326 26 19 -142
52 VDAC-2 Mitochondria Q60930 31 74 535 19 16 1.2
53 Pyruvate kinase isozyme M2 Catalyze P52480 57 74  1.20E+08 28 1.0 -1.79
Natural killer cell receptor
54 LYA9W? AAG10158 30 84 54.5 21 30 18
55 LDH muscle subunit Catalyze -~ Cytoplasm P06151 36 78 70.6 18 16 1.0
5 Lipoma HMGIC fusion partner Membrane ~ Q8BM86 21 79 389 10 13 11
precursor
57 Pyruvate kinase isozyme M2 Catalyze 52480 57 74 9128 14 -1.02 -1.19
58 Pyruvate kinase isozyme M2 Catalyze P52480 57 74 1.E+05 15 1.3 18
59 TGF-beta receptor type I Signal transduction Membrane Q64729 56 7.2 134 4 18 15
60 Unnamed protein product BAE22496 35 64 113 16 -1.36 -1.18
61 Calnexin precursor Binding protein Endgplasmlc P35564 67 4.5 6.32 6 -3 -2.02
reticulum
62 ERp60 Promote folding  _RGPPIESMIC bty g7 43 289 15 -175 53
reticulum
63 g subcomponent binding protein AAH38075 31 438 252 26 -3.64 -44
64 Unnamed protein product BAC 30908 30 5 5796 20 -1.42 -1.94
65 Unnamed protein product BAE37711 22 48 181 16 2 208
6o oimilar fo A-kinase anchor XP925288 26 46 436 11 116 265
protein 13 isoform 2 isoform 17
67 Rabaptin-5 Actin flament .o\ ojem 0351 99 5 334 5 318 -2.63
binding
68 Bcl-2-like 1 protein Potent inhiblfor of 'y i hondria Q4373 26 49 176 18 -133 -183
cell death
69 Proteasome zeta chain XP620109 20 49 6899 32 -1.05 -1.7
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Hypothetical protein LOC74890

70 . XP132350 18 47 56.8 8 -1.61 -10.3
isoform 1
71 Breakpoint 3 isoform 1 XP892058 20 4.9 60.5 10 0.006 -1.63
72 Unnamed protein product BAE39114 42 47 141 15 -1.38 -1.85
73 Srlgf;ﬂf cleavage system H Catalyze Mitochondria ~ Q91WK5 18 4.8 135 15  -158 -2.57
74 Heat shock protein 60 (Hsp60) XP912216 30 51 140 16 -1.71 -6
cAMP-dependent protein kinase -
- . 1 -1.73 33
76 type l-alpha regulatory subunit QIDBC7 Boos 15 6 )
77 UNR-interacting protein Transcription factor Cytoplasm Q97172 38 5 369 19 -3.55 -4.27
265 proteasome-associated
. -19 -28
78 UCH37-interacting protein 1 (QBBKIS 27 >l 2 2
79 Llypothetical protein XP_898013 XP903106 14 47 638 % 757 363
isoform 2
Heat shock 70 kDa protein 5 . : Endoplasmic
. 1 -19 21
80 (GRP 78) Protein folding reficulum P20029 72 51 689 3
Heat shock 70 kDa protein 5 . . Endoplasmic 19
81 (GRP 78) Protein folding reticulum P20029 72 51 689 13 30 1
Heat shock 70 kDa protein 5 : : Endoplasmic
25 -20
82 (GRP 78) Protein folding reticulum P20029 72 51 7697 22 2.5
Cell
Ican- . 42 -1.83
83 Glypican-6 precursor Cell growth membrane QOR087 63 53 117 11
84 Actin (Beta-actin) Cell motility Cytolasm P60710 41 53 850 13 23 -473
Heat shock 70 kDa protein 5 : . Endoplasmic +
: . 2 223 -1.7
85 (GRP 78) Protein folding reficulum P20029 72 51  3.78E+06 8
Heat shock 70 kDa protein 5 : . Endoplasmic + 161 -113
86 (GRP 78) Protein folding reticulum 20029 72 51 9.E+05 22 : .
87 Archaemetzincin-1 Proteinfolding ~ LNOCPISMIC  nepypg 55 57 114 9 15 431
reticulum |
gg Simmilar to cytoplasmic befa-actin XP619399 37 53  2E+04 21 18 -164
isoform 1
89 Heat shock 70 kDa protein 8 Chaperone Cytoplasm P63017 70 54 5819 23 -46 -2.8
go Colled-coil domain-containing QG770 57 380 10 90 -68
protein 22
91 Heat shock protein 60 (Hsp60)  Protein folding  Mitochondria P63038 60 59 2744 17 -4.0 -40
Carboxy terminus of
92 Hsp70-interacting protein Chaperone Cytoplasm QWUD1 34 57 7.39 11 2.63 -20.0
g3 Apolipoprotein E precursor Binding protein  >coreted P08226 35 56 234 16 25 476
(Apo-E) protein
g4 Ttdlns transfer protein alpha Catalyze Cytoplasm  P53810 31 60  7.65 15 19 -181
(PtdInsTP) y*oP ‘ '
95 V-ATPase H subunit Transport Q8BVE3 55 6.2 855 13 1.3 317
g Dynein light intermediate Q6PDLO 54 61 1055 B 5 374
chain 2
g7 CytosolicNADP-isocitrate Cytoplasm 088844 46 65 125 12 31 -28
dehydrogenase
g 4 -phosphopantetheinyl Catalyze Cytoplasm  QUCQF6 35 67 5% 20 13 0.006
transferase y y*op ' R
99 Vimentin P20152 53 51 3344 13 253 -3.03
100 Tubulin beta-6 chain Constituent of QU22F4 50 48 125 19 173 35

microtubule
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Fig. 3. MALDI-TOF spectrum of tropic fragments of 2-D gel
spot. MALDI-TOF MS peptide mass fingerprint spec-
trum obtained from crude mixture after in-gel tropic
digest of spots. The spectra of MALDI-TOF obtained
from Vientiane (A) and Calreticulin (B).
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chain, B-actino] T2 b o) v]&] W& W e zo|7} =2
A Jetde Ao Z Q9T Vimentin® RAW264.7 A
Fol LPS A Al v g g ko] 258 7HAskl o, LPS
o} ASCE 7 AHzlek 43 ASCol| ofs] T d o] WE kol
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wae] Walopo] 18] BA3HA T, LPSS} ASCE 4 A3
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A9} wHgo] 45 gashs Ao FALAG
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Fig. 4. Functional classification and Localizationl of the defer-
entially expressed proteins identified. Pie Charts repre-
senting the distribution of the 100 identified proteins
according to their biological functions are shown.
Assignments were made based on information form
the NCBI (www.ncbinlm.nih.gov/Pubmed) and the
Swiss-Port/TrE MBL protein knowledgebase (http://
au.expasy.prg/sport) websites.



822 BB U2 X| 2008, Vol. 18. No. 6

RAW264.7 A LA LPS} ASCol 2)3) whuld o] w3}
st Zeog YUY ERP60I ApoE @A
RAW264.7 A E o) X LPSO] 93] whufa w3 ko] zhz} 2u)
743819, LPS9} ASCE 3] A2l § Aol = ASCe| 9
3 diid v Yol zhz} 4uf 24 218y annexin
A11& RAW264.7 A Z o] LPS ] A] Dl A o] wkgofol 1
ol S718tH 3, LPSSF ASCE &4 A3 -9 ASCojl ]3]
gl o whg ko] 2u) ZhAdk T

RT-PCRE 0|8t mRNA Hs &0l

LPSE A 2]gt RAW264.7 Mo ASC ]2 T4 6y
ol 24" M9 FAAE RT-PCRE F83t] T2 H Q1A
A3E A Y. ERP6O, rabaptin-5, vimentin, B- actin
T22e] mRNA &g AT FEA (Quantity One, BIO-
Rad)E o] &3} 42 3}5}gtt. ERP60 mRNAS} B-actin
mRNA9] &g ¢4 LPSE 4502 A 4% vy
LPSe}t ASCE &7 A3t 4+ Zt2 mRNAS @2
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& 7% waAdo] 3 AE F7)eH9 vl (Fig 5D), o Az
o]zl A7|gEl s i Hy wsle} RT-PCRE 53
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. RT-PCR analysis of gene expression in RAW264.7 cells.
Raw264.7 cells were treated with LPS (2 ug/ml) and ASC
(10 uM) respectively or cominationally for 12 hr. And
the expression of selected genes were determined by
RT-PCR. The specific primers used in RT-PCR were de-
scribed in Table 1. GAPDH was used as the control, and
the data presented are averages of three experiments.

(C) s - + + (D) 1ips - +

Relative activity {%)

=1

[
g<

1))

dit & u#

Ascochlorin (ASC)& gnjolg) 24, o 223 3¢ &
He JHAE YA 222 gEA Qo16,19] WA
¥ ASCol 93} 2dH= AE U ddd g 94
pjH g Aol B dAtoA = LPSE A egk RAW264.7
Ao} ASColl it Thilld W3} S Flstr] Hall oAt
A ANGEE o] & Z2HLYXA ATFE FRATL

T AT Z2HZFE AAH LR A7 FEL
2 AEe QPeE Awrzshe TUHY T2HS
A Z2ANA Aoz FY ddEHE ggs gHd S 4

o]
(]

rlo

L

rl

A

i 3

& 4 e Y 990 g e 2wy
23 oo s gaidESs aRFor EYsiAy A st

==

rir

A ARG F oA 17195 & 2% v 3d o]
7F e 100709 A S Bl & 4 dlen, o]&L pH
3-10 491l A 607H, pH 4-7 1ol 4071 ¢} T o] &) 3}
A th(Fig. 2).

hole HUAES 715 B AT Y 94282 2R B
A7} 71504 =(cell growth and maintenance) Tl 2 o]
20%8 ARSFHLH, GAAHE LD EATHE w92
o] 20%F AHA SR 1 ob Vg oyt AW A7
el AA @& AL o] EATS A & 5 AUH
(Fig. 3).

Fedz iy HIls Bl awd F vimentin, ERP60
(calreticulin), rabaptin-5, Bcl-2, annexin A11-S @5 2483
AT AEE BEE Aos HA YTH3,242629]

FEE WS #dd wid § ERPO0S A el
2324, 290 ALY P48 HA Fa9 24 2Y
Gulde 99A QoMb £ A7 W 2HoA
£ @Az wagold Ari2) oked F9F Aol
= ERP600] #odt= Aoz &eA 91t 12,13,26,35,40,46].
Table 29} Fig. 59 Vet vie} o] G5 whsolAM F7H
ERP60S) @i A} 7o) 9 e ASCY Aeld oa) 2
AHUT o] 2= dF ¥-3ollA ASC7F ERP60 ¢ 4 v}
mRNA &3 +F& £ st ASC7} 45 283 248}
= Aow A7EHY.

Heat shock protein (HSP) 2| 5-9]
gl 2ol 3] MEE BEsin, @5ue
Ba1E A QITH14,31]. AlRE7F A8 ]
=259 HSP/} EE B389
2Ha2], 9%o] AP G Thola
=Y|[30], & A7 Ae)AE LPSe] o3
&o] ASC A A ZdaHe As e &
A3t ASC7L gdT 8o B3

\J
=]
>

=2
0on HE 1O ft

¥ oy W o o M1 o
rJ

fiofo >

N
°,
ok Yo, © & |

o rr
wa,

!

(<}

AR} o] 3t
1o Alz®h

iy,

~J
-
-l-J

1=

A



LPSE 9% g obdd MIAWS FE e A0R ¢
24 Sich. 241 E (apoptosis) & DNAS) &4 & 43}
A SEA WV EE S4843 28 92420 el A
T} ol FReA Rahu 222 8L AYsE 2L 7}
27, o9 9RAF oz A5 FRAL YA 8§ 2
e AT AL fEstel A FIHE FAGE A
ol 2 B9A22 ATALS] FEHA G A2, Y

A 9 npol A 7 Sof 93 WHAS o] ofyE

T}H15,21,28]. 7+ (infection)ell &3] A A A A 8HA] Abo]
E71Q1e] Enjo} FE o) A EALE 0] 7} ;}—‘:Hl[6 38,50},
A5 A B 223 7} 713 71-‘-*—- A8 Hol
71720 MEZAPE Aol F83 dE8-S e %is.i B

o] ATH18,29]. & AFAA = TR HE*}%" g ##
Hands 39 & 5 9tk 2 5 Vimenting A F Abg
A EEo] A ASE dHA ok B dF e LPS
2 2738l g% dh3-S 9 o7l RAW264.7 A X o] ASCe)
x12] Al LPSOl| <719 vimentino] ASC A& Al ZHAHE A
S B2l gk 3 Table 20 Vebd Az o] AEAE
& ZAste T A 791 Bal-2 family @2 w3 o] W3} 3}
= e 8 & & St

Bcl-2 Gl A2 A ZAPE-E QA 3} antiapoptotic F# A}

2 dHA JoH[3, o]l AL nEZ o} FAE BE
dtof MZAMEE AT RuHJAT37]. & droAe
LPSE A 2] 3k RAW264.7 M3 ASCE] 7 A] Bel-2& 4t
ZAarZon, o] AFE ASCIE A ZAE O Bos}
AoE ARHY

T} © 2 Rabaptin-5 (RABPT5)= &7} W&l A8ko)A] au-
toantigen 0.2 248l o] AEX AlEo| B I, ol ra-
baptin-5 gamma$} rabaptin-b delta 52% 4% ra-
baptin-52] familyol™, Axu] = A3/ g (docking/fu-
sion) HHE- ¢t #A}l= GIP-binding T & o|t}10,
32]. Table 20| \tepd npe} o] LPSE |3 RAW264.7
M o] ASCe] A ] rabaptin-5& F7IAZ 01, o] Aite
ASC7} Bcl-2 2wt o} 2} rabaptin-5& Z& 3] A ETALE 9
Bl Aog AzEn

AEAo 58 B I8 B3 RAW2647 AL E o] &3 |
AHE ZdoA ASCr} 3EZE 288 E202 s A
$4 28759 9 ¢ 5 A4 BT EA A% 24
Foh A 93 ATE B ASCY AHEA 28 15 7
FETh ASCE 9% 2 BUVAE 2E ohgw U
AL 7iYHG.

Lk
L
i

2 o

o}~ 517 2 ¥ (Ascochlorin, ASC)-& Ascochyta viciaeZ 5]

229 Zddrs Bde, 94 22029 2d2A

Journal of Life Science 2008, Vol. 18. No. 6 823

g FaAT 2% 44E dATtE 97 2

7} nasel . B =R E ohazaze] Aeg

4 S qdRAY 454 GFUEAN GUHRL §
ol

&g AU Sl sl o
3) 0}7] 93} mouse macrophage Raw264.7 A| 3L o] o} A5 3
2PE Aedte old Y3 ZREZ9 S0l W o
& EAsgnh e £ A+ LPSE A3 mouse mac-
rophage Raw264.7 /H]“Oﬂ P‘*:fﬂi%% gl std G534
Aol AEy gl By GFE FUstr| i TEEH L
2% ARk

Mouse macrophage RAW264.7 A ¥ o] ol23AZYHE
A Z2A EAZS 2HO 2 Yo two-dimensional
electrophoresis (2-D SDS-PAGE), matrix-assisted laser de-
sorption/ionization mass spectrometry (MALDI-TOF-MS)
9} bioinformatics W o8 o}A2FAZUE ¥ 3 mouse
macrophage Raw264.6 A|X¢ Z2H &S FAAT. 1L
A7} mouse macrophage Raw264.7 M| of| o}AF A2 H A
@] A} Calreticulino] 48] 7}4, B-actin® 4¥} 7+4 1831 vi-
mentino] 154 7HA8< A & 4 YAtk e} ra
baptin o223 2d Aol o3 3u) F/ehs #Q & &
AR oHd g B e RTPCRS 43o] Aol
ol A% shgon, Tz YA FUF 29T A8
% 9.

Tep] B 97S Fa) LPS Mo €)s) 84388 mouse
macrophage RAW264.7 Ao ASCE A z|3t & o]z A
7195 HS ol &ato], dhiA Y W st B S 118t
T 9lA AnE Sy sHoH, RAW264.7 A& ©o]&5h
HAMNE Rdojia ASCY FEF 8-S TAHLE A9
3 207158 308 5 A BF B4l 24 9
ol A A ATE F3) ASCe AHRA 24 7lee X
St dds 9 g E e FEZ AEE A

2ol 2

o] Q1= 20068 % B FUHE
Hlo] z1go g FPHAFU

Adfga el Ta AT

References

1. Adams, D. O. and T. A. Hamilton. 1984. The cell biology
of macrophage activation. Annu. Rev. Immunol. 2, 283-318.
2. Adkins, J. N., 5. M. Varnum, K. J. Auberry, R. J. Moore,
N. H. Angell, R. D. Smith, D. L. Springer and ]. G.
Pounds. 2002. Toward a human blood serum proteome:
Analysis by multidimensional separation coupled with
mass spectrometry. Molecular & Celluar Proteomics 1,



824

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

YT URTRIX| 2008, Vol. 18. No. 6

947-955.

Al-Sindi, K., M. H. Al-Shehabi and S. A. Al-Khalifa. 2007.
Inflammatory myofibroblastic tumor of paranasal sinuses.
Saud. Med. |. 28, 623-627.

Ando, M., S. Hirosaki, K. Tamura and T. Taya. 1984.
Multiple regression analysis of the cholinesterase activity
with certain physiochemical factors. Environ. Res. 33, 96-105.
Basu, S. and P. K. Srivastava. 1999. Calreticulin, a pep-
tide-binding chaperone of the endoplasmic reticulum, elic-
its tumor and peptide specific immunity. J. Exp. Med. 189,
797-802.

Bone, R. C. 19%. Sir isaac newton, sepsis, SIRS, and
CARS. Crit. Care. Med. 2, 1125-1128.

Cho, H. ], ]. H. Kang, J. Y. Kwak, T. S. Lee, I. S. Lee, N.
G. Park, H. Nakajima, ]J. Magae and Y. C. Chang. 2007.
Ascofuranone suppresses PMA-mediated matrix metal-
loproteinase-9 gene activation through the Ras/Raf/MEK/
ERK and Apl-dependent mechanisms. Carcinogenesis 28,
1104-1110.

Dongre, A. R., G. Opiteck, W. L. Cosand and S. A. Hefta.
2001. Proteomics in the post-genome age. Biopolymers 60,
206-211.

Ducan, D. B. 1995. Multiple range and multiple F test.
Biometrics. 11, 1-6.

Eileithyia, S, B. Naomi and W. Philip. 1999. Human
Rabaptin-5 is selectively cleaved by caspase-3 during
apoptosis. Journal of biological chemistry 274, 37583-37590.
Gevaert, K. and J. Vandekerckhove. 2000. Protein identi-
fication methods in proteomics. Electrophoresis 21, 1145-1154.
Ghebrehiwet, B. 1989. Functions associated with the Clq
receptor. Behring. Inst. Mitt. 84, 204-215.

Ghebrehiwet, B. and E. I. B. Peerschke. 1998. Structure
and function of gClg-R a multiligand binding membrane
protein. Immunobiology 199, 225-238.

Gibran, N. S. and D. M. Heimbach. 2000. Current status
of burn wound pathophysiology. Clin. Plast. Surg. 27,
11-22.

Hengartner, M. O. 2000. The biochemistry of apoptosis.
Nature 40, 770-776

Hong, S. H., K. K. Park, J. Magae, K. Ando, T. S. Lee, T.
K. Kwon, J. Y. Kwak, C. H. Kim, and Y. C. Chang. 2005.
Ascochlorin inhibits matrix metalloproteinase-9 expression
by suppressing activator protein-1-mediated gene ex-
pression through the ERK1/2 Signaling Pathway. ]. Biol.
Chem. 28, 25202-25209.

Hosokawa, T., M. Sawada, K. Ando and G. Tamura. 1981.
Alteration of cholesterol metabolism by 4-O-methylasco-
chlorin in rats. Lipids 16, 433-438.

Hotchkiss, R. S, P. E. Swanson, ]J. P. Cobb, A. Jacobson,
T. G. Buchman and I. E. Karl. 1997. Apoptosis in lym-
phoid and parenchymal cells during sepsis: findings in
normal and T- and B-cell-deficient mice. Crit. Care Med,
25, 1298-1307.

Kang, J. H,, J. K. Kim, W. H. Park, K. K. Park, T. S. Lee,
J. Magae, H. Nakajima, C. H. Kim and Y. C. Chang. 2007.
Ascochlorin suppresses oxLDL-induced MMP-9 expression

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

by inhibiting the MEK/ERK signaling pathway in human
THP-1 macrophages. ]. Cell Biochem. 102, 506-514.

Kang, J. H., K. K. Park, 1. 5. Lee, ]. Magae, K. Ando, C.
H. Kim and Y. C. Chang. 2006. Proteome analysis of re-
sponses to ascochlorin in a human osteosarcoma cell line
by 2-D gel electrophoresis and MALDI-TOF MS. .
Proteome Res. 5, 2620-2631.

Kaufmann, S. H. and W. C. Earnshaw. 2000. Induction of
apoptosis by cancer chemotherapy. Exp. Cell Res. 256,
42-49.

Kishore, U., R. D. Sontheimer, K. N. Sastry, K. S. Zaner,
E. G. Zappi, G. R. Hughes, M. A. Khamashta, P. Strong,
K. B. Reid and P. Eggleton. 1997. Release of calreticulin
from neutrophils may alter Clg-mediated immune
functions. Biochem. J. 322, 543-550.

Klose, J. 1999. Large-gel 2-D electrophoresis. Methods Mol.
Biol. 112, 147-172. |
Korkbko, E. V., L V. Korkbko, I. V. Palgova and S. L.
Kiselev. 2006. Apoptotic cleavage of rabaptin-5-like pro-
teins and a model for rabaptin-5 inactivation in apoptosis.
Cell Cycle. 5, 1854-1858.

Magae, ], K. Munemura, C. Ichikawa, K. Osada, T.
Hanada, R. F. Tsuji, M. Yamashita, A. Hino, T. Horiuchi
and M. Uramoto. 1993. Effect of microbial products on
glucose consumption and morphology of macrophages.
Biosci. Biotechnol. Biotechem. 57, 1628-1631.

Malhotra, R., S. Thiel, K. B. M. Reid and R. B. Sim. 1990.
Human leukocyte Clq receptor binds other soluble pro-
teins with collagen domains. |. Exp. Med. 172, 955.
Mann, M. 1999. Quantitative proteomics. Nat. Biotechnol.
17, 954-955. |

Meier, P., A. Finch and G. Evan. 2000. Apoptosis
indevelopment. Nature. 407, 796.

Moisan, E., S. Chiasson and D. Girard. 2007. The intrigu-
ing normal acute inflammatory response in mice lacking
vimentin. Clin. Exp. Immunol. 150, 158-168.

Morimoto, R. I, K. D. Sarge and K. Abravaya. 1992.
Transcriptional regulation of heat shock genes. A para-
digm for inducible genomic responses. |. Biol. Chem. 267,
21987-21990.

Nanney, L. B, B. A. Wenczak and ]. B. Lynch. 1996.
Progressive burn injury documented with vimentin
immunostaining. J. Burn. Care Rehabil. 17, 191-198.
Novick, P. and M. Zerial. 1997. The diversity of Rab pro-
teins in vesicle transport. Curr. Opin. Cell Biol, 9, 496-504.
(YFarrell, P. H. 1975. High resolution two-dimensional
electrophoresis of proteins. |. Biol. Chem. 250, 4007-4021.
Overal, C. M, ]J. L. Wrana and J. Sodek. 1989.
Independent regulation of collagenase, 72-kDa progelati-
nase, and metalloendoproteinase inhibitor expression in
human fibroblasts by transforming growth factor-beta. |
Biol. Chem. 264, 1860-1869.

Peerschke, E. I. B. and B. Ghebrehiwet. 1998. Platelet re-
ceptors for the complement component Clq: implications
for hemostasis and thrombosis. Immunobiol. 199, 239-249.
Pieper, R. C,, L. Gatlin, A. J. Makusky, P. S. Russo, C. R.



37.

38.

39.

40.

41.

42.

43.

Schatz, S. S. Miller, Q. Su, A. M. Estock, P. P. Parmar, M.
Zhao, S. T. Huang, J. Zhou, F. Wang, R. Esquer-Blasco, N.
L. Anderson, |. Taylor and S. Steiner. 2003. The human se-
rum proteome: Display of nearly 3700 chromato-
graphically separated protein spots on two-dimensional
eletrophoresis gels and identification of 325 distinct
proteins. Proteomics 3, 1345-1364.

Reed, J. C. 1994. Bcl-2 and the regulation of programmed
cell death, | Cell Biol. 124, 1-6.

Rogers, H. W., M. P. Callery, B. Deck and E. R. Unanue.
1996. Listeria monocytogenes induces apoptosis of in-
fected hepatocytes. . Immunol. 156, 679-684.

Sato, A. K., D. ]. Sexton, L. A. Morganelli, E. H. Cohen,
Q. L. Wy, G. P. Conley, Z. Streltsova, S. W. Lee, M.
Devlin, D. B. DeOliveira, J. Enright, R. B. Kent, C. R.
Wescott, T. C. Ransohoff, A. C. Ley and R. C. Ladner.
2002. Development of mammalian serum albumin affinity
purification media by peptide phage display. Bictechnol.
Prog. 1, 947-955.

Sim, R. B., S. K. Moestrup, G. R. Stuart, N. ]. Lynch, . Lu,
W. ]. Schwaeble and R. Malhotra. 1998. Interactions of Clq
and the collectins with the potential receptors calreticulin
(cC1gR/ collectin receptor) and megalin. Immunobiology. 199,
208-224.

Singh, N. K, C. D. Atreya and H. L. Nakhashi. 1994,
[dentification of calreticulin as a rubella virus RNA bind-
ing protein. Proc. Acad. Sci. U.5.A. 91, 12770-12774.
Somssich, I. E., E. Schmelzer, P. Kawalleck and K
Hahlbrock. 1988. Gene structure and in situ transcript lo-
calization of pathogenesis-related protein 1 in parsley.
Mol. Gen. Genet. 213, 93-98.

Steel, L. ¥, M. G. Trotter, P. B. Nakajima, T. S. Mattu, G.
Gonye and T. Block. 2003. Efficient and specific removal
of albumin from human serum samples. Molecular &
Celluar Proteomics 2, 262-270.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Journal of Life Science 2008, Vol. 18. No. 6 825

Takatsuki, A., G. Tamura and K. Arima. 1969. Antiviral
and antitumor antibiotics. XIV. Effects of ascochlorin and
other respiration inhibitors on multiplication of Newrcastle
disease virus in cultured cells. Appl. Microbiol. 17, 825-982.
Takemura, Y., N. Ouchi and R. Shibata. 2007. Adiponectin
modulates inflammatory reactions via calreticulin re-
ceptor-dependent clearance of early apoptotic bodies. ].
Clin. Invest. 117, 375-386.

Tenner, A. J. 1998. Clq receptors: regulating specific func-
tions of phagocytic cells. Immunobiology 199, 250-264.
Togashi, M., 5. Ozawa, S. Abe, T. Nishimura, M. Tsuruga,
K. Ando, G. Tamura, 5. Kuwahara, M. Ubukata and ]J.
Magae. 2003. Ascochlorin derivatives as ligands for nu-
clear hormone receptors. J. Med. Chem. 46, 4113-4123.
Togashi, M., H. Masuda, T. Kawada, M. Tanaka, K. Saida,
K. Ando, G. Tamura and |. Magae. 2002. PPARgamma ac-
tivation and adipocyte differentiation induced by AS-6, a
prenyl-phenol anti-diabetic antibiotic. ] Antibiot. 55,
417-422.

Tsuruga, M., H. Nakajima, S. Ozawa, M. Togashi, Y. C.
Chang, K. Ando and |. Magae. 2004. Characterization of
4-O-methyl-ascochlorin-induced apoptosis in comparison
with typical apoptotic inducers in human leukemia cell
lines. Apoptosis 9, 429-435,

Wang, S. D, K. ]. Huang, Y. S. Lin and H. Y. Lei. 1994.
Sepsis-induced apoptosis of the thymocytes in mice. J.
Immunol. 15, 5014-5021.

Wasinger, V. C, S. J. Cordwell, A. Cerpa-poljak, J. X. Yan,
A. A. Gooley and M. R. Wilkins. 1995. Progress with
gene-product mapping of the Mollicutes: Mycoplasma
genitalium. Electrophoresis 16, 1090-1094.

Zamora, R., Y. Vodovotz and T. R. Billiar. 2000. Inducible
nitric oxide synthase and inflammatory diseases. Mol.
Med. 6, 347-373.



